® 



uropaisches Patentamt 
European Patent Office 
Office eurDp6en des brevets 




% Publication number: 0 418 504 B1 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification : 
05.04.95 Bulletin 95/14 



% lntci«: H01L 29/78, H01L 51/20 



@ Application number: 90114130.9 
ig) Date of filing : 24.07.90 



@ Orgaitic semiconductor memory device having a MISFET structure and its control method. 



(g) Priority : 25.07.89 JP 192961/89 
29.01.90 JP 18310/90 
15.02.90 JP 35121/90 
27.04.90 JP 113390/90 



@ Date of publication of application : 
27.03.91 Bulletin 91/13 



@ Publication of the grant of the patent : 
05.04.95 Bulletin 95/14 



(S) Designated Contracting States : 
DE FR GB 



@ References cited : 
EP.A- 0 185 941 
US-A- 4 371 883 

JAPANESE JOURNAL OF APPUED PHYSICS, 
vol. 23, no. 8, August 1984, TOKYO JPpages 
979 - 983; MasakI Kawano et al: 'Effect of 
Pressure on ElectiicalConductivlty of Doped 
Poly (p-Phenylene Sulfide)' 
APPUED PHYSICS LETTERS, vol. 49, no. 18, 
03 Noveml>er 1986, NEW YORK US pages 



OQ 

e 
in 

00 

5 



0. 

UJ 



@ References dted : 

1210 - 1212; A. Tsumura et al: 
'Macromolecular electronic device: Field* 
' effecttranslstor with a polythlophene thin 
film' 

PATENT ABSTRACTS OF JAPAN vol. 12, no. 
488 (P-803) 20 December 88, & JP-Ap63 200396 



(g) Proprietor: MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
1006, Oaza Kadoma 
Kadonuhshi, Osaka-fu, 571 (JP) 

Inventor : Kishimoto, Yoshio 
15-11, Nasuzukurikita-machi 
Hirakata^hl, Osaka-fu (JP) 
Inventor : Soga, Mamoru 
1-1-22 Saikudani, 
Tennoji-ku 

Osaka-shI, Osaka-fu (JP) 
Inventor : Maruno, Susumu 
1-5-3-1503 Tomobuchi-cho, 
MiyakoJInna-ku 
Osaka^hi, Osaka-fu (JP) 

@ Representathre : Eisenf uhr, Spelser 8^ Partner 
Martinlstrasse 24 
D-28195 Bremen (DE) 



Note : Within nine months from the publication of the niention of the grant of the European patent, any 
person may give notice to the European Patent Office of opposition to the European patent granted. 
Notice of opposition shall be filed in a written reasoned statement It shall not be deemed to have been 
filed untn the opposition fee has been paid (Art. 99(1) European patent convention). 



Jouve. 18, rue Saint-Denis, 75001 PARIS 



EP 0 418 504 B1 



Description 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 

This Invention relates to a semiconductor nnenv 
ory device having a MISFET structure for information 
processing thrcNjgh a neural networic and further to 
the control mettiod thereof. 

The semiconductor memory device herein men- 
tioned refers to a device which shows non-linear elec- 
trical characteristics, le, those in electrical conductiv- 
ity and capacity, depending on the energy of input, 
more specif icaBy on its amount or change with time. 

[Description of the Prior Art] 

The information processing through a neural net- 
work, although a fine information processing per- 
formed in brains of living things, has so far been ac- 
companied by a problem that there is no quality elec- 
tronic device which functions lilce a synapse. This 
problem has confronted future Information process- 
ing. 

The neurochips having already been proposed 
can be classified into two types, semiconductor de- 
vices and optical devices. Although the neurochips 
using semiconductor devices have a more feasibility, 
they include no ones having appropriate characteris- 
tics for electronic devices having the plastic function. 
The result is that bipolar devices or CMOSs using a 
silicon semiconductor or the like are being improved 
as the devices performing analog operations for the 
development of a neural network. 

On the other hand, the devk:es which are dis- 
cussed for the one serving like a synapse to give the 
neural network a plastic f unctfon include the field- 
effect transistor (FET), transconductance amplifier 
(OTA), capacitor array, switched register, and so 
forth. Among them, the FET has excellent features 
such as low power and high gain, and those such as 
floating gates for EPROMsand MNOSsare attracting 
the eyes of the skilled in the art 

As for electrically conductive polymers, it is com- 
mon knowledge that they are composed of polymers 
having large-extended conjugate n electron systems 
such as pdyacetylene, pdypyrrole, polythiophene. 
pdyanillne. polyacene, and so forth, and contain 
electron donors (e.g. metal tons) or electron accep- 
tors (anions such as Lewis acid or protonic ackJ) as a 
dopant, thus showing a high electrical conducthrity. 
The resultant dopant, however, has had a large draw- 
back that it will be diffused in a polymer matrix due 
to an electric field, thereby causing its conductivity to 
be varied. 

Molecule-based transistors that have made use 
of the above drawback in turn are disclosed in Journal 



of American Chemical Society. 106. p.5375. 1984 edh 
tfon by M.S. Wrighton et ai., and ibW. 109, p.5526. 
1987 editfon by M.S. Wrighton. 

Furthermore, an electrically conductive variable 
5 device intended for a plastic device is disclosed in 
Japanese Patent LakJ-Open No. 63-200396. 

However, the conventional deVfees described 
above have been unsatisfactory in thatthey have nei- 
ther appropriate characteristics for an electron^ de- 
10 vice nor those for a plastic device. 

It is therefore the primary object of this inventfon 
to provide a semiconductor memory device having 
high-gain higlv-performance characteristics using a 
novel electrical control device. Another object of this 
15 invention is to provide a control method for this sem- 
iconductor memory device. 

This invention provides a semiconductor memory 
device having a MISFET structure comprising an 
electron conjugate polymeric semiconductor layer 
20 containing a mobile dopant for imparting electrical 
conductWity formed between a pair of electrodes and 
at least a first gate electrode provided b^ween saki 
pair of electrodes with an insulating layer or a high- 
resistance layer interposed along saki electron con- 
25 jugate polymeric semiconductor layer so that dopant 
distribution in said electron conjugated polymeric 
semfconductor layer is controlled by saW first gate 
electrode to control the electrical conductmty of a 
conductive channel consisting of sak) electron conju- 
30 gated polymeric semiconductor layer. A control meth- 
od for the semiconductor menrwry device according to 
this invention, comprises the step of programming or 
resetting the memory device by applying a positive or 
negative voltage pulse to the first gate electrode to 
35 change the dopant distribution of saki electron con- 
jugate polymeric semiconductor layer, thereby vary- 
ing the electrical conducth^ity thereof, reading saki 
memory devtoe by applying ground potential to said 
first gate electrode and applying a vdtege between 
40 said pair of electrodes. 

The semkx>nductor memory device of this inven- 
tion can control the dopant distribution in the electron 
conjugate polymeric semiconductor layer or dopant 
retaining layer through the gate voltage, thereby vary^ 
45 ing the electrical conductivity of the electron conju- 
gate polymeric semiconductor layer, capable of anv 
plif ying the current across a p^tr of electrodes (equW- 
alent to source and drain of FET) to a large extent al- 
lowing them to be switched. 
50 This semiconductor menwy device, whose oper- 
ation is equivalent to the FET operation of a dopant 
mobile semiconductor, has excellent memory type 
non-linear electrical characteristics practically usable 
as a plastic device. More precisely. In the semicon- 
55 ductor memory devtee of this invention, when a vol- 
tege is applied to the gate electrode, it will be subject- 
ed to a substantial change in channel impedance as 
the number of carriers due to field effect is affected 
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by the time-varying dopant concentration. This niove- 
ment of the dopant is of a memory type and would 
never be done without gate electricf ield. Accordingly, 
when a network is formed of the plastic devices in ac- 
cordance with this invention, a superior neural net- 
work with a high S/N ratio may be formed by virtue of 
a high change ratio in its channel impedance. 

BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1 and 2 are sectbnal conceptual views each 
showing an example of a semiconductor nnemory 
device in accordance with this inventk)n; 
Fig. 3 is a view typically showing the movement 
of ank)n dopant when a p-t ype electron conjugate 
polymeric semiconductor is used; 
Figs. 4 and 5 are views showing the equivalent 
circuit of the device in accordance with this inven- 
tk>n and the correlatbn and principle of the de- 
vice configuration; 

Figs. 6 and 7 are views each showing an example 
of the construction of four and two terminals, re- 
. spedively, in the device of this invention; . - 
Fig. 8 is a chart showing the drain current re- 
sponse corresponding to gate voltages of the 
semiconductor memory device of this invention; 
Fig. 9 is a chart showing the drain current-gate 
voltage (Id-Vq) of the device of this invention; and 
Fig. 10 is a view showing an example of the neu- 
ral network of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 shows a sectional conceptual view illus- 
trating an example of a semiconductor memory de- 
vice of this invention. On a substrate 7, there is 
formed an electron conjugate polymeric semiconduc- 
tor layer 3 containing a dopant, whereon are provided 
a pair of electrodes 1 and 2, and at least one gate 
electrode 5 is provided between the pair of electrodes 
1 and 2 with an insulating layer 6 interposed. 

For the material of the electron conjugate poly- 
meric semkx>nductor layer 3, polythiophene, polypyr- 
role, poly-p-phenytene, and their copolymers and der- 
ivatives are used. 

The electron conjugate polymer for this purpose 
is preferably supplied by synthesis through electrolyt- 
ic polymerization (anodic oxidation polymerization or 
cathodicieductbn polymerizatk>n) and a polymer de- 
rived from chemical polymerization may also be used. 

Anodic oxidation polymerization is that a dopant 
is dissolved into an electron conjugate monomer sol- 
utk)n and, under an electric field generated between 
at least one pair of electrodes, the electron conjugate 
monomer is electrolytically polymerized onto the 
anode with the result of obtaining an electricaliy con- 
ductive polymer into which the dopant has been dis- 



persed. 

This method enables a molecular order film to be 
formed easily and unifonmly, thereby facilitating the 
constructing of high-speed responsive dev»es. 

5 Furthermore, if both the dopant, imparting elec- 
tronic conductivity, and the plastidzer dissolving the 
dopant are dispersed into a polymer having long n 
electron conjugate principal chains, an electron con- 
jugate polymeric semiconductor layer'having a high 

10 level of dopant mobility can be obtained, hence a 
semiconductor memory devtoe having a high speed 
response. 

Referring now to the operation of this inventton, 
when a current source is connected across the elec- 
ts trodes 1 and 2, and a gate voltage to be applied to the 
gate electrode 5 is controlled, the channel impedance 
in the electron conjugate polynr^c semiconductor 
layer 3 between the electrodes 1 and 2 will be con- 
trolled by the gate voltage. That is, the dopant con- 
20 centratton in the electron conjugate polymeric semi- 
conductor layer 3 will be varied correspondingly to the 
gate voltage, thereby the channel impedance to be 
varied. 

The channel impedance across the source and 

25 the drain of this semiconductor memory device is de- 
pendent on the dopant concentration in the channel 
(equivalent to the impurity concentration of a semi- 
conductor), so that the lower the Impedance, the 
more the drain currenL An electron conjugate poly- 

30 meric semiconductor features in that the electrical 
conductivity thereof will be greatly varied from insu- 
lator to conductor depending on its dopant concentra- 
tion. The present invention is intended to exert this 
feature of the electron conjugate polymeric semicon- 

35 ductortothebestuse. 

The dopant in this invention is mobile and its po- 
larity is reverse to that of the charge caniers of the 
electron conjugate polymeric semiconductor, so that 
the electrical conductivity of the channel will be large- 

40 ly varied in the reverse direction against the variatton 
• of conduction due to the FET principle. In addition, it 
is also possible that the mobility of the dopant has ex- 
act threshold values through the selecting of dopant, 
i.e. its ion radius and the anx)unt of electric charge. 

45 Fig. 8 illustrates the operation characteristics 
showing the drain current response corresponding to 
the gate voltage in the case where a p-type electron 
conjugate polymeric semiconductor and an ank>n do- 
pant are used for the semiconductor menK)ry device 

50 as an example. This figure is taken from a case in 
which the pulse width is longer than the movement of 
the dopant, where the gate voltage is varied to the 
three steps, a positive pulse voltage, a negative pulse 
voltage, and ground voltage. The response of field ef- 

55 feet is in the order of microseconds, and the move- 
ment of dopant is in the order of milliseconds. 

The state of the operation of this device can be 
represented as in Fig. 9 from the viewpoint of Id-Vq 
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characteristic, equivalent to such a characteristic just 
as MOSFETs of enhancement type and depression 
type are combined. 

Using this semiconductor memory device, when 
a semiconductor memory device 13 is connected in a 5 
network shape as shown in Fig. 10. and subjected to 
a learning with a positive gate pulse and a reset with 
a negative gate pulse as shown in Rg. B. only the de- 
vice in the network subjected to the learning results 
in an extremely low impedance, thus a neural net- lo 
work being formed up. This device, although taking a 
time in the order of milBseconds for the learning and 
the reset, features in allowing its conduction after the 
learning to respond in microseconds. Accordingly, al- 
though the learning and the reset of the semiconduc- is 
tor memory device take milliseconds for response, 
the operation thereof as a rieuralnetworkroakes USB 

of the electronic conductivity of the channel so that 
the device can operate in microseconds or lower. 

Aswillbeunderstoodfiomtheabovedescnption. 20 

the device of this invention fe a semkjonductor device 
having an excellent plasticity with a substantially 
large vaiiatton in electrical conductivity, usable for in- 
formation processing through a neural network. ■ 

Moreover, when a plurality of such semiconduo- 25 
tor memory devtees are used in connectton as shown 
in Fig 10 icdevfces can be constructed in the same 
manner » in semiconductor integrated circuit pmcr 
ess. thereby altowing a neural network to be con- 
structed on a chip and hence a largo contribution to- 30 
ward Information processing. 

Fig 2 shows an example of the semiconductor 

memory device with a higher perfamance having 
been formed up by overlaying a mobile dopant retain- 
ing layer 4 and an electron conjugate polymertesem- 35 

teonductor layer 3 onto an electrically conductive sub- 
strate 8. 

The mobile dopant retaining layer 4 is a layer so 
constructed as to allow the dopant easily to move, 
therefore being preferably of a tow conductivity. The 40 
layer may also be an electrically conductive aniso- 
tropic film having a high insulating charactenstw in 
the direction of the layer and a high conductivity in the 
orthogonal direction thereof. ^, ^ ^ ^ 

In the device represented in Fig. 2. due to the 45 
movement of the dopant under the electiic field, ton 
radicals of the inverse polarity to thatof the dopant oc 
cur in the electron conjugate polymer into which the 
foregoing dopant has penetrated. On the other hand, 
tons of the inverse polarity renaming in the dopant re- so 
taining layer 4 will undergo a redox. The dopant re- 
taining layer 4. therefore, must be of a substance be- 
ing reversible and stable against the redox. The con- 
struction above mentioned can make revereiWe and 
stable this electrical redox in the dopant retaining lay- S5 
er 4 which occurs during the operation of the gate 
electrode. When the ton radical is an electron donor 
(D). (D * ♦ e" s* D") is steadily repeated, while, when 



an electron acceptor. (A." ^± A* e") is steadily repwt. 
ed For a p-type electron conjugate polymer, anion 
dopant is doped by the gate electrode thereby in- 
creasing the electrical conductivity thereof, with + 
charges of cattonic radicals remaining in the dopant 
retainbig layer 4. These charges are then reduced by 
the electronsf romthe inverse electrode, returning to 
neutral. And vice versa for an n-type polymer. Thus, 
in the dopant retaining layer 4 the redox reactton is re- 
liably repeated. . , J , 
The mobile dopant retaining layer 4 is formed of 
a layer made up by dissoWing into an tome polymer a 
dopant primarily comprising electron donors (metal 
tons or the like) or electron acceptors (antons such as 
Levns acW and proton add), the layer is also an ton 
conductive polymeric compound. It is preferable that 
the mobile dopant retaining layer 4 comprises a poly- 
mer comptex layer formed of a dopant and a polymer, 
in whteh the mobility of the dopant may have exact 
threshold values, this case indudng tonte dathrate 
compounds or pdyfon complexes. 

For the dathrate compounds, a polymer having 
an alkylene oxWe construction such as crown either 
or polyethylene oxide is appropriate, while the poly- 
mere used for the pdyton complexes indude pdy- 
mere containing an«no groups, pdyurethane. pdya- 
mWe^polyaayltoadd. polyester, and other like pdar 
polymere. 

For the mobile dopant retaining layer 4. the con- 
struction utilizing an ton radical contained pdymeric 
compound induding a mobile dopant is the simplest 
and preferred in pradice. while the ion radical of the 
inverae polarity to the dopant is preferably of immo- 
bUity. i.e. an ion radfcal of a high bulky mdecular 

**'^TThis ton radical contained pdymer compound in-, 
eluding the mobile dopant comprises at least one of 
the following types: ^ , • 

(a) a tovif-condudivHy eledron conjugated polymenc 
compound containing a mobile dopant, (b) a polymer- 
to compound into which a salt out of a mobile dopant 
and an im^ereely diarged ton radical is dispersed, (c) 
a polymeric complex formed of a mobile dopant and 
an ton radical pdymer. and (d) a low-conducttvity 
compound formed of a mobile dopant contained hlgh- 
condudivity eledron conjugated polymer and an in- 
sulating pdymer. each of whtoh is detailed below, 
(a) The tow-condudivity eledron conjugated 
pdymeric compound containing a mobile dopant 
comprises a polymer having it eledron conjugat- 
ed skJe chains or that induding no long-distance 
eledron conjugated main chain, whtoh indudes 
numerous tow-condudwity polymere such as, 
spedfically. phenyl-substltuent pdyacetylene. 
thiophene copdymer. pyrrde copolymer, and 
• pdyvinyl cariwzole. 

(b) The polymeric compound into which a salt 
made of a mobile dopant and an inversely 
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charged ion radical is dispersed has such a struc- 
ture that a salt having, as ion radicals, heterocyc- 
lic catbn radicals containing nitrogen and/or sul- 
fur or anion radicals such as haloqutnone and cy- 
anoquinone has been molecularly dispersed into 
a compatible polymer, the construction being 
possible obtained by a large number of charge- 
. transfer type organic semiconductor molecularly 
dissolved in a polar polymer, for this polar poly- 
mer, a polymer containing nitrogen or sulfur is 
suitable, specifically such as an amino-group 
contained polymer, polyurethane, polyamide. 
and polyester. 

(c) The ion radical polymer here used may be 
either a cation radical polymer or an anion radical 
polymer, whereas a cation radical polymer having 
in its side chains or main chains heterocyclic ca- 
tion radicals containing nitrogen and/or sulfur is 
the most conveniently available, such as poly- 
mers containing pyridine rings, pyrimidine rings, 
triazine rings, imidazole rings, thiazole rings, 
thiopyran rings, thiophene rings, pyrrole rings, in- 
dole rings, and quinoline rings. 

(d) For the low-conductK/ity compound made of a 
mobile dopant contained high-conductNity elec- 
tron conjugated polymer and an insulating poly- 
mer, such a compound with an arbitrary electrical 
conductivity may simply be derived by com- 
pounding an electron conjugate polymer contain- 
ing the dopant with a high conductivity and an in- 
sulating polymer. 

Fig. 3 typically illustrates the movement of the do- 
pant within the semiconductor memory device in Fig. 
2, wherein on an electron conjugate polymeric semi- 
conductor layer 3 including p-type electron conjugate 
polymeric semiconductor 9, 9-1 and anion dopant 10 
there is provided a gate electrode 5 therebetween 
with an insulating layer interposed. The anion dopant 
10 in this invention is mobile and nrK>reover has the 
polarity opposite to that of the p-type electron conju- 
gate polymeric semiconductor 9, ^1, so that the do- 
pant will move in the direction of the layer thickness 
correspondingly to the voltage applied to the gate 
electrode, thus the channel impedance being subject- 
ed to a considerable change by the effect of the move- 
ment of the anion dopant 1 0. This moving speed of the 
dopant can be determined depending on the amount 
of charge, Ion radius, type of polymer, density, inter- 
nal viscosity, temperature, and the like of the dopant 

The equivalent circuit and principle of such a de- 
vice in accordance with this inventkm are shown in 
Figs. 4 and 5. Fig. 5 depicts an example of the device 
constructk>n wherein the insulating layer 6 at the gate 
in Fig. 4 is replaced by a high resistance layer 6-1 hav- 
ing a low insulation resistance. The high-resistance 
layer 6-1 at the gate is preferably made from a noto- 
rial having an electrical resistivity of 1 0^ to 10^^ Q.an. 
It is f urthernrK>re necessary that the electrical conduc- 



tivity of the electron conjugate polymeric semicon- 
ductor layer 3 between a pair of electrodes after dop- 
ing be markedly higher than that of the mobile dopant 
retaining layer 4, as is apparent from the equivalent 

s. circuit shown here. The device in accordance with this 
invention \s characterized by its capability of forming 
a high-gain device making use of its feature that the 
electrical conductivity of the conductive polymer will 
widely vary up to a range of 10 orders of magnitude 

10 in the direction of the film, i.e., that of source to drain. 
. On the other hand, the device will allow a high 
strength of electric field to be applied in the thickness 
directton, thereby rendering the response speed fast- 
er. 

IS Although Fig. 3 shows, for the sake of explana- 
tion, only an example utilizing the p-type electron 
conjugate polymeric semiconductor layer 9, 9-1 and 
. the anion dopant 10, It will be apparent to the skilled 
in the art that this invention is not limited to this ex- 

20 ample and this is the case also when catk>n dopant 
Is doped into an n-type electron conjugate polymeric 
semiconductor. 

The semiconductor menrK)ry device of thisJnven- 
tion may bet constructed not only with three terminals • 

25 but also with four terminals, for example, taking a sub- 
strate terminal using silicon single crystal having an 
Si02 Insulating surface. In this case, the control char- 
acteristk: thereof will be of a higher precision and bist- 
able. 

30 Fig. 6 Illustrates an example of the four-terminal 
device, wherein the four-terminal semiconductor 
memory device Is so constructed that on a gate elec- 
trode 11 comprising a sembonductor substrate hav- 
ing an insulating film 6 on its surface there Is provided 

35 an electron conjugate polymeric semiconductor layer 

3 and a mobile dopant retaining layer 4 are overlaki 
with a dopant penetrating separation layer 12 inter- 
posed thetrebetween. 

The dopant penetrating separatbn layer 12 inter- 
40 posed between the electron conjugate polymeric 
semkx>nductor layer 3 and the dopant retaining layer 

4 serves to accurately control the dopant distributbn, 
thereby stabilizing the switching current between a 
pair of electrodes. For this dopant penetrating sepa- 

45 ration layer 12, an ion penetrating porous film or the 
like may be used; for example, a separator material 
is suitable therefor. 

At both ends of the electron conjugate polymeric 
semiconductor layer 3 and the dopant retaining layer 

50 4 there are provided electrodes 1 and 2. On the nrK>- 
blle dopant retaining layer 4 there is provided a gate 
electrode 5 with a high-resistance layer 6-1 inter- 
posed therebetween. A drive power supply is con- 
nected l>etween the electrodes 1 and 2. 

55 A control voltage in the form of pulse voltage is 
applied to each of gate electrodes 5 and 11, and the 
dopant distribution wilt accurately be controlled by 
controlling the anK>unt, phase, and the like of the 
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pulse vollage for both electrodes. 

This invention may also be constructed for a tvno- 

terwinal plastic device such as shown in Fig. 7, 
wherein the gate electrode 5 is short-dicuited wjtti 
one of the pair of electrodes 1 and 2. e.g. with *e 
source electrode 1. and a positive or negative pulse 
voltage Is applied between the pair of electrodes 1 
and 2 to control the dopant distribution in the electron 
conjugate polymeric semiconductor layer 3 or the do- 
pant retaining layer 4. thereby varying the electncal 
conductivity for learning or reset operation, while a 
voltage lower than the pulse voltage is applied be- 
tween the pair of electrodes 1 and 2 for driving into 

conduction. . 

As described hereinabove, the semiconductor . 
memory device of this invention is bistable and per- 
forms switching in connection with time and the 
amount of current, thus being useful for artificial in- 
telligence devices (neurochips). If IC devices are 
formed m the same manner as In the semiconductw 
mtegiated ciieult process using a plurality of such 
semiconductor memory devices. neuronetwori< de- 
vices can easily be formed up. 

Now the invention will be described with refer- 
■ ence to several embodiments. 

Example 1 



As shown in Fig. 2. on an electrically conductive 
substrate 8. there were formed a 5 pm thick dopant 
retaining Iayer4 and an electron conjugate polymeric 
semiconductor layer 3 comprising a 1 0 jim thick poly- 
thiophene layer by overlaying them, where a pair of 
electrodes 1 and 2 were provided thereon and a gate 
electrode 5 was provided therebetween with an insu- 
lating layerSinterposed. For the dopant retaining lay- 
er 4 a perchtorate derived from a copolymer of 2-vi- 
nylpyridine and vhyl acetate was used. Thus, a sem- 
k»nductor memory device was obtained. 

When a pulse voltage was applied to the gate 
electrode 5 of this device into operatton. the device 
has shown such non-linear switehing characteristics 
as shown in Fig. 9. Making use of this operation, ttie 
device may be subjected to a learning with a positive 
gate pulse and be reset with a negative pulse, as 
shown in Fig. 8. 

With this device in use for forming up the neural 
network shown in Fig. 10. when a voltage was applied 
across an arbitrary pair of terminals, only the por- 
tton of the device along the shortest course from the 
input terminal tothe output terminal resulted in an ex- 
tremely low impedance, so that the devtee could ex- 
perience the learning of the relation between the in- 
put and output as a change in the resistivity thereof. 

Example 2 

As shown in Fig. 7. on an electrically conductive 



substrate 8. there were fomied a 20 iun thick dopant 
retaining layer 4 and a 10 pm thick electron conjugate 
polymeric semiconductor layer 3 by overlaying them . 

one after another, where a pair of electrodes 1 and 2 
5 and an insulating layer 6 were formed thereon and a 
gate etectrode 5 was provided further thereon, thus 
constructing a semiconductor memory device. For 
the mobile dopant retaining layer 4. a perchlorate de- 
rived from a copolymer of 4-vinylpyridine and vinyl 
10 acetate vras used. In the semfeonductor memory de- 
vice thus obtained, the gate electrode 1 thereof was 
short-edited with the source electrode 1 so as to 
make the device experience a learning with a positwe 
gate pulse of 10 V and reset with a negative gate 
16 pulse of 10 V. so that it has shown a change of up to 
10« of the channel impedance. 

Wrth this device in use for forming up the neural 
networtc shown in Fig. 10. when a vdtege was applied 
across an arbitrary pairof WO terminals, only the por- 
20 tton of the device along the shortest couree from the 
input terminal to the output terminal resulted in an ex- 
tremely low impedance, so that the devfce could ex- 
perience the learning of the relation between the In- 
put and output as a change in the.resistivity thereof. 

25 . 

Examples 

As shown in Fig. 2. on an electrically conducth« 
substrate 8. there were formed a 6 »im thick dopant 
30 retaining Iayer4 and an electron conjugate polymenc 
semiconductor layer 3 comprising a 11 (un thick pdy- 
pyirole layer by overiaying them, where a pairof elec- 
trodes 1 and 2 were formed thereon and a control 
electrode 5 was provided therebetween with an insu- 
35 lating layer 6 interposed. For the mobile dopant re- 
taining layer 4. pdydiphenyl acetylene was used.The 
etectrically control device thus obtained, when put 
into operatton. has shown such a svritching character- 
sties as In Fig. 9. 
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Example 4 



As shown in Fig. 7. on an electrically conductive 
substrate 8. there were formed a 10 |im thick dopant 

45 retaining layer4 and an electron conjugate polymenc 
semiconductor layer 3 comprising a 8 ^m thick poty- 
pyrrde layer by overlaying them, where a pair of elec- 
trodes 1 and 2 and an insulating layer 6 were formed 
thereon and a control electrode 5 was further provid- 

50 ed on the insulating layer, and the control electrode 
5 was short-circuited with the source electrode 1 with 
a resistor, thus constructing a two-terminal electncal- 
ly control device. For the mobile dopant retaining lay- 
er 4 a polyvinyl chloride compound in which a 30% 

55 perdilorate of 2,3.4.5-tetra-(4.pyridine) thiophene 
was dispersed was used. With the electrically control 
device thus obtained in use for fonning up a nonlinear 
resistive neuro networtt. when the device was put into 




operation, a network having a resistance pattern cor- 
responding to the learning signals could be created. 

Example 5 

As shown in Fig. 6, on a silicon substrate 11 in- 
cluding an oxidced insulating film 6, there were 
formed a 5 ^m thick dopant retaining layer 4 and an 
electron conjugate polymeric semiconductor layer 3 
comprising a 1 0 pm thick poiypynole layer by overlay- 
ing them with a dopant penetrating separation layer 
12 interposed therebetween, where a pair of electro- 
des 1 and 2 and a high-resistance layer 6-1 were pro- 
vided thereon and a control electrode 5 was further 
provided on the high-resistance layer, thus construct- 
ing an electrically control device. For the mobile do- 
pant retaining layer 4, a compound of polyvinyl quino- 
line tetraborate and urethane was used. The electri- 
cally control device thus obtained, when put into op- 
eration, has shown switching characteristics and 
source-drain current tlme-characteristk:s similar to 
that of Example 1. 



Claims 

1. A semiconductor memory device having a .MIS- 
FET structure comprising an electron conjugate 
polymeric semiconductor layer (3) containing a 
mobile dopant for imparting electrical conductiv- 
ity formed between a pair of electrodes (1 . 2) and 
at least a first gate electrode (5) provided be- 
tween said pair of electrodes (1, 2) with an insu- 
lating layer (6) or a high-resistance layer inter- 
posed along sakJ electron conjugate polymeric 
semiconductor layer (3) so that dopant distribu- 
tion in said electron conjugated polymeric semi- 
conductor layer (3) is controlled by said first gate 
electrode (5) to control the electrical conductivity 
of a conductive channel consisting of said elec- 
tron conjugated polymeric semiconductor layer. 

2. . A semiconductor memory device as clainned in 
daimi, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) comprises a dopant for inh 
parting electrical conductivity, a polymer having 
a tong ic electron conjugate main chain, and a 
plastk:izer dissolving saM dopant 

3. A semiconductor memory device as claimed in 
dalm 1, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) Is of at least one type selected 
outof electrolytically polymerized polythk)phene, 
poiypynole, poly-p-phenylene, and their copoly- 
mers and derivatives. 
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4. A semiconductor memory device as dainr>ed in 
claim 1. 

wherein the electron conjugate polymeric semi- 
conductor layer (3) is fonmed adjacent to a dopant 
5 retaining layer (4) consisting of a polymeric com- 

pound layer complexed with said mobile dopant 
or of an ion radical contained polymeric con>- 
pound induding said mobile dopant 

10 5. A semiconductor nr)emory device as daimed in 
claim 4, 

wherein the k>n radical contained polymeric com- 
pound comprises at least one type selected out of 

(a) a low-conductivity electron conjugated 
IS polymeric compound containing a nrK>bile do- 
pant, 

(b) a polymeric compound in which a salt de- 
rived from a mobile dopant and an inverse-po- 
lar ion radical is dispersed, 

20 (c) a polymer complex of a mobile dopant and 

an k>n radical polymer, and 
(d) a low-conductivity compound n^de of a 
mobile dopant contained high-conductivity 
electron conjugate polymer and an insulating 

25 polymer. 

6. A semiconductor menriory device as daimed in 
daim 5, 

wherein the dopant contained low-conductivity 
30 electron conjugated polymeric compound cont- 
prises a pdymer having n electron conjugated 
side chain or a pdymer having no long-distance 
electron conjugate main chain thereof. 

35 7. A semiconductor memory device as daimed in 
daim 5, 

wherein the polymeric compound Into which a salt 
made of a nrKDbile dopant and a reverse-polar ion 
radical Is dispersed comprises a salt having, as 
40 ion radicals, heterocydiccatk)nradk»l5 contain- 
ing nitrogen and/or sulfur or anion radicals such 
as haloquinone and cyanoquinone has been mo- 
lecularly dispersed Into a compatible polymer. 

45 8. A semiconductor memory device as daimed in 
daim 5, 

wherein the ton radical polymer is a polymer hav- 
ing heterocydic cation radicals containing nitro- 
gen and/or sulfur in Its side chain or main chain. 

so 

9. A semiconductor memory devtoe as daimed in 
daim 4, 

wherein the polymeric compound layer forms an 
ion dathrate compound or a polyion complex with 
55 a mobile dopant 

10. A seniiconductor memory device as dainrted in 
daim 9. 
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wherein the ion.dathrate compound Is of a con- 
struction of crown ether or polyethylene oxWe. 

11, A semicondudor memory device as claimed In 
claim 4, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) and the dopant retaining layer 
(4) are separated by a dopant penetrating layer. 
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12. A semiconductor memory device as claimed In 
daimll. 

wherein said first gate electrode (5) is formed on 
said dopant retaining layer (4) with said insulating 
layer (6-1) interposed therel>etween. and a sec- 
ond gate electrode (11 ) is provided on said eleo- is 
tron conjugate polymeric semiconductor layer (3) 
with an insulating layer (6) interposed theret)etw- 
een. 

13. A semiconductor memory device as claimed in 
claim 12. 

wherein the second gate electrode (11) is a sen>- 
{conductor substrate. 

14. A semiconductor memory device as claimed in 
any of claims 1 to 13. 

wherein the first gate electrode (5) is short- 
circuited with one of said pair of electrodes (1, 2). 
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1 5. A control method for the semiconductor memory 30 
device according to claims 1 to 13. 

comprising the step of progranuning or resetting 
the memory device by applying a posilh^e or neg- 
ative voltage pulse to the first gate electrode to 
change the dopant distribution of said electron 35 
conjugate polymeric semiconductor layer, there- 
by varying the electrical conductivity thereof; 
reading said memory device by applying ground 
potential to said f irst gate electrode and applying 
a voltage between said pair of electrodes. 40 

1 6. A control method for the semiconductor memory 
device according to daim 14. 

comprising the steps of programming or resetting 
the memory device by applying a positive or neg- 45 
ative voltage pulse between said pair of electro- 
des to change the dopant distribution of said elec- 
tron conjugate polymeric semiconductor layer, 
thereby varying the electrical conductivity there- 
of; reading said memory device by applying a vol- so 
tage between said pair of electrodes having a 
smaller amplitude than that of said voltage pulse. 



Patentanspruche 

1 . Halbleiter-Speicherbauelement mit einer MISFET- 
Struktur mit einer elektronenkonjugiert-polymeri- 
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schen Halbleiterschicht(3). welche einen beweg- 
lichen Dotieisfcoff zum Einbringen elektrischer 
Leitmhigkeit. welche zwischen einem Elektro- 
denpaar (1. 2) und mindestens einer ersten Gate- 
Elektrode (5) gebildet wird, welche zwischen ei- 
nem Elektrodenpaar (1. 2) vorgesehen ist, mit ei- 
ner Isdierschfcht (6) Oder einer entlang der elektro- 
nenkon>jgiert-pdymerischen Halbleiterschicht (3) 
dazwischengelegten hochohmigen Schicht so 
daa die Dotierstoffverteilung in der elektronen- 
konjugiert-polymerischen Halbleiterschicht (3) 
durch die erste Gate-Elektrode (5) gesteuert wer- 
den kann, urn die elektrische Leitfahigkeit eines 
leitenden Kanals zu steuern, der ausdereleklro- 
nenkonjugiert-polymerischen Halbleiterschicht 
besteht 

2. Halbleiterspeicherbauelement nach Anspruch 1 . 
in dem die elektronenkonjugiert-pdymerische 
Halbleiterschicht (3) einen Dotierstoff zum Bn- 
bringen elektrischer Leitfahigkeit, ein einen Ian- 
gen R-elektronenkonjugierten Hauptstrang auf- 
weisendes Polymer und einen Weichmacher, 
welcher den Dotierstoff herauslost beinhaltet 

3. Halbleiterspeichert)auelement nach Anspruch 1, 
in dem die elektronenkonjugiert-polymerische 
Halbleiterschicht (3) aus mindestens einem Stof f 
besteht, ausgewahit aus elektrolytisch pdymeri- 
siertem Polythiophen. Polypyrrol. Pdy^P-Phenyl 
und deren Kopolymere und Derivate. 

4. Halbleiterspeichert)auelement nach Anspruch 1 , 
in dem die elektronenkonjugiert-polymerische 
Halbleiterschicht (3) benachbart zu einer dotier- 
stoff zuruckhaltenden Schicht (4) angeordnet ist, 
welche aus einer polymerischen Verbundschicht 
besteht. welche komplexbildend mit dem beweg- 
llchen Dotierstoff versehen 1st, Oder aus einem 
lonenradikale enthaltenden polymerischen Ver- 
bund, einschlieaiteh des beweglichen Dotierstof- 
fes. gebildet ist 

5. Halbleiterspeicherbauelement nach Anspruch 4. 
in dem der lonenradikale enthaltende pdymeri- 
sche Vert)und mindestens einen der nachfolgen- 
den Stoffe enthalt 

(a) einen schlecht leitfShigen einen bewegli- 
chen Dotierstoff enthaltenden elektronenkon- 
jugiert-polymerischen Verbund, 

(b) einen polymerischen Verbund, in dem ein 
von einem beweglichen Dotierstoff und einem 
invers-polaren lonenradikal abgeleitetes Salz 
verteiltist, 

(c) einen Polymerkomplex aus einem beweg- 
lichen Dotierstoff und einem lonenradikal-Po- 
lymer. und 

(d) einen schlecht leitfahigen Verbund aus ei- 
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nem ein hochleitfahiges elektronenkonjugier- 
tes Polymer enthaltehen beweglichen Dotier- 
stoff und einem isolierenden Polymer. 

6. HalbleiterspeicherbauelementnachAnspruchS. 5 
in dem der Dotierstoff enthaltende. schlecht leit- 
fahige ejektronenkonjugiert-pdymerische Ver- 
bund ein Polymer mit einem n-elektronenkonjur 
gierten Seitenstrang beinhaltet oder ein Polymer 

mit einem Hauptstrang desselben ohne lang- io 
reichweittge Elektronenkonjugation. 

7. HalbleiterspeicherbauelementnachAnspruchS, 
in dem der polymerische Verbund, in dem ein aus 
beweglichem Dotierstoff und einem invers-poia- is 
ten lonenradikal gebildetes Satz verteilt 1st. ein 
Salz enthalt mit heterozyklische Kationenradika- 

len als lonenradikale, welche Stickstoff und/oder 
Schwefel oder Antonenradlkaie wie Halochinon 
und Zyanochinon enthalten. molekular In einem 20 
passenden Polymer verteilt wurde. 

8. Halbleiterspeicherbauelement nach Anspruch 5. 
in dem das lonenradlkal-Pdymer ein Polymer ist 

mit heterozyklischen Kationenradikalen, welche 2S 
Stickstoff und/oder Schwefel In ihrem Seiten- 
strang Oder Hauptstrang enthalten. 

9. Halbleiterspeicherbauelement nach Anspruch 4, 

in dem die poiymerische Verbundschk:ht einen 30 
Clathrat-Verbund oder einen Polyion-Komplex 
mit einem beweglichen Dotierstoff bildet 

10. Halbleiterspeicherbauelement nach Anspruch 9. 

in dem der londathrat-Verbuhd wie ein Kronenet- 3S 
her Oder ein Polyathylenoxld aufgebaut isL 

11. Halbleiterspeicherbauelement nach Anspruch 4, 
in dem die elektronenkonjugiert-polymerische 
Halbleiterschlcht (3) und die dotierstoffzuruck- 40 
haltende Schlcht (4) durch eine dotierstof fdurch- 
dringende Schicht getrennt werden. 

12. Halbteiterspeicherbauelement nach Anspruch 

11. ^5 
in dem die erste Gate-Elektrode (5) auf der do- 
tierstoffzuruckhaltenden Schlcht (4) ausgeblldet 

ist, wobei die Isolierschicht (6-1) dazwischen an- 
geordnet ist. und eine zweite Gate-Elektrode (11) 
auf der elektronenkonjugiert-polymerischen Halb- so 
leiterschicht (3) angeordnet ist, wobei eine Isolier- 
schicht (6) dazwischen angeordnet ist 

13. Halblejterspeicherbauelement nach Anspruch 

12. ss 
in dem die zweite Gate-Elektrode (11) ein Halb- 
leitersubstratist 



14. Halbleiterspeicherbauelement nach einem der 
Anspruche 1 bis 13. 

in dem die erste Gate-Elektrode (5) mit einer der 
Elektroden des Bektrodenpaares (1. 2) kurzge- 
schlossen ist 

15. Steuerverfahren fur das Halbleiterspeicherbau- 
element nach den Anspruchen 1 bis 13, 

mit dem Schritt, das Spek:herbauelement zu pro- 
grammieren oder zurijckzusetzen, durch Arile- 
gen eines positiven oder negativen Spannungs- 
impulses an die erste Gate-Elektrode, um die Do- 
tierstoffverteilung der elektronenkonjugiert-pdy- 
merischen Halbleiterschlcht zu verandern und 
somit deren elektrische Leitfahigkeitzu variieren; 
Auslesen des Speicherbauelenoentes durch An- 
legen eines Erdpotentials an die erste Gate- 
Elektrode und Aniegen einer Spannung zwischen 
dem Elektrodenpaar. 

16. Steuerverfehren fOr das Halbleiterspeicherbau- 
element nach Anspruch 14, 

mit den Schritten, das Speicherbauelement zu 
programmieren oder zuruckzusetzen, durch An- 
iegen eines positiven oder negativen Span- 
nungsimpulses zwischeri dem Elektrodenpaar, 
um die Dotierstoffverteilung in der elektronen- 
konjugiert-polymerischen Halbleiterschlcht zu 
ver§ndern und somit die elektrische Leitfihigkeit 
derselben zu variieren; Auslesen des Spelcher- 
bauelementes durch Aniegen einer Spannung 
zwischen dem Elektrodenpaar, welche eine klei- 
nere Amplitude aufwelst als die des Spannungs- 
impulses. 



Revendications 

1. Dispositif de m^moire d semi-conducteur ayant 
une structure MISFET comprenant une couche 
semnconductrice polymdre conjugu6 d'^ectrons 
(3) oontenant un dopant mobile pour oommuni- 
quer une conductivity ^lectrique form6e entre 
une paire d'6lectrodes (1 , 2) et au moins une pre- 
mite ^ectrode de griUe (5) placte entre ladite 
paifB d'61ectrodes (1,2) avec une couche d'isola- 
tion (6) ou une couche de resistance ^ev6e inter- 
pos6e le tong de ladite couche semi-conductrioe 
polymfere conjugu6 d'^lectrons (3) de sorts 
qu'une distribution de dopant dans ladite couche 
semiconductrice polymfere conjugu6 d'6lectrons 
(3) est command^e par ladite premiere dectrode 
de grille (5) pour commander la cpnductivit6 6lec- 
trique d'un canal conducteur se composant de la- 
dite couche semiconductrice polym^re conjugu6 
d'6lectrons. 

2. Dispositif de menrK>tre d semi-conducteur selon la 
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revendication 1. dans iequel la couche semir 
conductrice polymfere conjugu6 rf6lectrons (3) 
comprend un dopant pour communiquer une 
conductivit6 felectrique. un polym^re ayant une 
longue chaTne d*6lectrons principale de conjugu6 
de forme u, et un plaslif iant dissdvant ledit do- 
pant 

3. Dispositif de m^moire k semi-conducleur selon la 
' revendication 1, dans Iequel la couche semi- 

conductrice polymfere conjugu6 rf6lectrons (3) 
est au moins d'un type 86lectionn6 parmi le po- 
lythioph^ne. polypyrrole. poly-p«ph6nylfene. poly- 
merises eiectrolytiquement et leurs copolym6res 
et derives. 

4. Dispositifdein6moli8aseml-conducteurselonla 
revendication 1, dans Iequel la couche semi- 
conductrice polymfere conjugu6 rf6lectrons (3) 
est form6e au voisinnage de la couche (4) de re- 
tenue de dopant se composant tf une couche de 
compose polymere complex6 avec ledlt dopant 
mobile ou d'un radical lonique contenu dans un 
compose polymere comprenant ledit dopant mo- 
bile. 

5. Dispositif de m6moire e semi-conducteur selon la 
revendication 4. dans Iequel le radical ionique 

. contenu dans un compose polymfere comprend 
au moins un type seiectionne panni 

(a) un compose polymere conjugue rf6leo- 
trons de faiWe conductivite contenant un do- 
pant mobile, 

(b) un compose polymere dans Iequel un sei 
derive d'un dopant mobile et d'un radical ioni- 
que inversement pdaire est disperse ; 

(c) un complexe polymere d'un dopant mobile 
et d'un polymere de radical ionique, et 

(d) un compose de f aiWe conductivite fait d'un 
dopant mobile contenu dans un polymere 
conjugue d'eiectrons de haute conductivite et 
un polymere d'isolation. 

6. Dispositifdememoiredsemi-conducteur selon la 
revendication 5, dans Iequel le dopant contenu 
dans un compose polymers conjugue tfeiectrons 
de faible conductivite comprend un polymere 
ayant une chaTne laterale conjugue d'eiectrons 

, en forme de n ou un polymere n'ayant pas de 
ChaTne principale conjugue d'6lectrons de longue 
distance de celui-cl. 

7. Dispositif dememoireesemi-conducteurselon la 
revendication 5. dans Iequel le compose polyme- 
re dans Iequel un sel constitu6 rfun dopant mo- 
bile et d'un radical ionique inversement polaire 
est disperse, comprend un sel ayant, comme ra- 
dicaux ioniques, des radicaux cationiques hete- 



rocydiques contenant de Tazote et/ou du souf re 
ou des radicauxa anionique tels que Taloquinone 
et le cyanoquinone a ete disperse de fagon mo- 
leculaire dans un polymere compatible. 

^ 8. Dispositlfdememoireesemi-conducteurselonia 
revendication 5. dans Iequel le polymere e radical 
ionique est un pdymere ayant des radicaux catio- 
niques heterocydiques contenant de I'azote 
io et/ou du souf re dans sa chaTne laterale ou sa 
chaTne prindpale. 

9. Dispositif de memoire a semi-conducteur selon la 
revendication 4, dans Iequel la couche de compo- 
IS se polymere fonne un compose de dathrate ioni- 
que ou un complexe polyionique avec un dopant 
mobile. 



10. Dispositifdememoireeseml-conducteurselonia 
20 revendication 9. dans Iequel le . compose de 

dathrate ionique est d'une construction d'ether 
crown ou d'oxyde de polyethylene. 

11. Dispositif de memoire e semi-conducteur selon la 
25 revendication 4. dans Iequel la couche seml- 

conductrice pdymere conjugue d'eiectrons (3) et 
la couche de retenue de dopant (4) soi)t s6par6es 
par une couche de penetration de dopant 

30 1Z Dispositifdememoireesemi-conducteurselonia 
revendication 11, dans Iequel ladite premiere 
electrode de grille (5) est f6rm6e sur ladite cou- 
Che de retenue de dopant (4) avec ladite couche 
isolante (6-1) interposee entre eiles, et une se- 
35 condeeiectrodedegrille (11) est placee sur ladite 
couche semi-conductrice polymere conjugue 
d'eiectrons (3) avec une couche isdante (6) inter- 
posee entre eties. 

40 13. Dispositif dememoireesemi-conducteurselon la 
revendication 12, dans Iequel la seconde electro- 
de de grille (11) est un substrat semi-conducteur. 

14. Dispositif de memore e semi-conducteur selon 
45 runequelconque des revendications 1613, dans 
Iequel la premiere electrode de grille (5) est 
court-drcuitee par une electrode de ladite paire 
d'eiectrodes (1. 2). 

50 15. Precede de commande pour le dispositif de me- 
moire e semi-conducteur selon les revendica- 
tions 1 e 13. comprenant retape de programma- 
tion ou de reinitialisation du dispositif de memoire 
en appliquant une impulsion de tension positive 
55 ou negative e la premiere electrode de grille pour 
changer la distribution de dopant de ladite cou- 
che semi-conductrice pdymere conjugue d'eiec- 
Irons, faisant verier ainsi la conductivite eiectri- 
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que de celle-ci ; de lecture dudit dispositif de 
moire en appliquant un potentiel de masse ^ la- 
dite premiere Electrode de grille et en appliquant 
una tension entre ladite paire.d'61ectrodes. 

5 

16. Proc6d6 de commande pour le dispositif de 
moire ^ semi-conducteiir selon ia revendication 
14, comprenant les stapes de programmation ou 
de reinitialisation du dispositif de m^molre en ap- 
pliquant une impulsion de tension positive ou n6- io 
gatlve entre ladite paire d'^lectrodes pour chan- 
ger la distritxjtion de dopant de ladite couche 
semi-conductrice pdym^re conjugu6 d'^leo- 
trons, faisant varier ainsi la conductivity ^iectn- 
que de celle-ci; lecture dudit dispositif de m§moi- is 
re en appliquant une tension entre ladite paire 
d'^ectrodes ayant une amplitude plus petite que 
celle de ladite impulsion de. tension. 

20 
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Fig. 6 
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